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Background: Antarctic krill meal is rich in protein, fat, and omega-3 fatty acids. Two experi-
ments were performed to evaluate nutritional and health aspects of Antarctic krill meal in the diet 
of reproducing mink to determine whether such a meal can be used as a pet food ingredient.
Materials and methods: The first experiment assessed the digestibility and palatability of 
Antarctic krill meal. The second investigated effects of four dietary inclusion levels of Antarctic 
krill meal (0%, 9%, 17%, and 35% of dry matter) on the reproductive performance and health of 
female mink (16 per group) when substituted for high-quality fishmeal prior to mating through 
gestation, parturition, lactation, and early kit growth (117 days). The diets are named K0, K9, 
K17, and K35, respectively.
Results: Antarctic krill meal showed high protein and fat digestibility (85% and 98%, 
 respectively). No effect of the test material on the reproductive performance of maternal 
animals was observed. Relative organ weights of maternal animals were the same for the K0, 
K9, and K17 groups, whereas K35 animals showed higher values for stomach, intestine, and 
spleen weights. Likewise, results of hematology, clinical chemistry, and histomorphological 
analyses did not differ between animals fed with K0, K9, and K17 diets. Animals in the K35 
group showed some changes in the liver and gastrointestinal tract, clinical chemistry, and 
hematology compared to control animals. At weaning, body weight of kits in the K35 group 
tended to be lower than that of the K0 group, which may have been related to the larger initial 
litter size of the K35 group.
Conclusion: Antarctic krill meal has similar nutritional value as high-quality fishmeal and 
produces no adverse effects in reproducing female mink when included in feed at up to 17% of 
dry matter. The results suggest that Antarctic krill meal can be safely included in pet food.
Keywords: Antarctic krill meal, protein source, mink, reproduction, pet
Introduction
Conventionally, meat, pork, lamb, poultry, and soybean meals are used as protein 
sources in pet food.1 However, krill meal is gaining interest as a source of both protein 
and omega-3 (ω-3) fatty acids. Antarctic krill meal is derived from shrimp-like, marine 
crustaceans, Euphausia superba, that are caught from the wild. These organisms have 
a circumpolar distribution, with the highest concentrations found in the Southern 
Ocean.2 Besides being composed of high-quality protein, Antarctic krill is also a 
source of lipids rich in the ω-3 fatty acids eicosapentaenoic acid (20:5n-3) and doco-
sahexaenoic acid (22:6n-3).3 Dietary supplementation with ω-3 fatty acids supports 
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normal fetal development and is associated with improved 
health and decreased risk for various diseases.4–8 Studies in 
dogs have shown that supplementation with ω-3 fatty acids 
helps maintain cardiovascular health, reduce inflammation, 
alleviate osteoarthritis, and slow the progression of renal 
disease.9–12 Dogs with allergies or skin conditions may also 
benefit from ω-3 supplementation.13 Conversely, a shortage 
of eicosapentaenoic acid and docosahexaenoic acid in dog 
food may negatively affect coat luster and shedding and 
increase behavioral aggression.14,15
The health benefits of ω-3 fatty acids from krill have 
been characterized in various preclinical and clinical stud-
ies in the form of krill oil.16–21 However, to date, no study 
has investigated the combination of krill oil and proteins 
for use in companion animal feeds. The main limitations 
to high inclusion of krill meals in feeds are the naturally 
high levels of fluorine and copper. Fluorine is mainly 
located in the exoskeleton, and its levels can vary in whole 
krill meal between 1,000 mg/kg22,23 and 2,400 mg/kg (dry 
weight).24 The  European Union (EU) currently allows up to 
3,000 mg/kg fluorine in feed materials from marine krill and 
up to 150 mg/kg in complete feeds with a moisture content 
of 12%.25 No such limits have been established by the United 
States Food and Drug Administration (US FDA). Removal, 
or partial removal of the exoskeleton can reduce the fluorine 
content of the meal.26 Deshelling will also reduce the chitin 
content, a long-chain polymer of N-acetylglucosamine with 
similar effects on digestive processes and nutrient utilization 
as dietary fiber.27 In contrast to vertebrates which use hemo-
globin, crustaceans such as krill use hemocyanin to transport 
oxygen and carbon dioxide within the body.28 Hemocyanin 
utilizes copper instead of iron in oxygen transport,28 resulting 
in naturally high copper levels in krill.29 Copper is an essen-
tial trace element necessary for numerous bodily functions; 
however, excessive levels can cause toxicity. The EU currently 
allows up to 25 mg/kg copper in complete feeds.30
The mink, which is a strict carnivore, has become a 
common model animal for evaluation of quality of feed 
ingredients for dogs and cats, and precise and accurate pro-
cedures have been developed in this species.31–35 The results 
obtained with mink correlate closely with digestibility in 
dogs and blue foxes.35–37 In this study, we utilized mink as a 
model animal to evaluate the safety and assess the potential 
of Antarctic krill meal as a supplementary protein and lipid 
source in commercial pet foods. A dose–response design 
was used, which included levels substantially higher than 
applicable for commercial feeds to reveal possible challenges 
and thresholds related to the product.
Materials and methods
experimental site and test substance
The live animal work of the project, as well as evaluation of 
nutritional characteristics of the diets, was conducted at the 
Norwegian University of Life Sciences (NMBU), Department 
of Animal and Aquacultural Sciences, Ås, Norway, where 
feeds were also produced. The farm is under the supervision 
of the Norwegian Research Authority, and Norwegian proto-
cols of ethical standards concerning experiments involving 
animals were followed. Evaluation of health-related effects 
of the diets was conducted at the NMBU School of Veteri-
nary Medicine, Department of Basic Sciences and Aquatic 
Medicine, Oslo, Norway. The Antarctic krill meal used in 
the experiment was produced on June 1, 2010, and supplied 
by Aker BioMarine Antarctic AS (Oslo, Norway).
experiment 1: Atlantic krill digestibility
Feed composition
In the digestibility experiment, Antarctic krill meal accounted 
for 100% of the protein in the diet. The chemical contents 
of the Antarctic krill meal and of Norse-LT 94 fishmeal 
(high-quality fishmeal) are compared in Table 1. The other 
ingredients used in the Antarctic krill meal diet were stan-
dard ingredients with negligible nitrogen content (Table 2). 
This allowed the determination of protein digestibility in the 
Antarctic krill meal as the sole source of protein. In addition, 
lipid and starch digestibility also were determined, but most 
of the lipid and starch originated from the other ingredients. 
Soybean oil was used as the main lipid source, accounting for 
82% of the total lipid in the experimental diet. The remaining 
lipid originated from the Antarctic krill meal. Digestibility of 
lipid in soybean oil is approximately 96%,38 a value that was 
used when estimating the digestibility of lipid from the Ant-
arctic krill meal. Dietary starch originated from corn only.
Animals and housing
Four adult male mink of the black genotype (.6 months) 
were given an Antarctic krill meal diet and housed according 
to Norwegian National regulations. During the experiment, 
the animals were kept singly in metabolic cages designed 
for separate collection of feces and urine. The mean body 
weight (BW) ± standard deviation (SD) of the animals 
was 2.25±0.25 kg. Daily feed allowance (136 g per day) 
was planned to meet the requirement for metabolizable 
energy (ME). The experiment lasted for 7 days, of which 
the first 3 days were an adaptation period. During the last 
4 days, the feed intake was measured precisely and feces 
collected daily. Fecal consistency was evaluated using a scale 
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Table 1 chemical content of Antarctic krill meal compared to 
LT-fishmeal
Component Antarctic krill  
meal (g/kg)
LT-
fishmeal (g/
kg)
Dry matter 918 915
Ash 118 152
crude protein 644 685
crude fat 165 82
carbohydrates (difference) 56 –
Amino acids
 cystine 7.0 6.6
 Methionine 20.4 18.9
 Aspargine 75.9 66.7
 Threonine 28.4 27.8
 serine 28.7 29.6
 glutamine 102.0 100.5
 Proline 22.9 27.0
 glycine 29.6 44.7
 Alanine 38.4 43.9
 Valine 36.4 36.1
 isoleucine 37.2 32.2
 leucine 54.6 52.0
 Tyrosine 35.3 23.1
 Phenylalanine 34.1 26.8
 histidine 17.3 16.0
 lysine 56.0 56.7
 Arginine 43.2 41.8
 Total amino acids 669.7 654.3
Abbreviation: lT, low temperature dried.
Table 2 Diet composition, chemical content, and average 
digestibility of crude protein, fat, and starch in the digestibility 
trial (experiment 1)
ingredients (g/kg)
 Antarctic krill meal 191
 Pregelatinized corn starch 93
 soybean oil 93
 cellulose powder 15
 Vitamins/mineral mixture 0.9
 Water 608
 sum 1,000
chemical content (g/kg)
 Dry matter 363
 Ash 23
 crude protein 123
 crude fat 113
 carbohydrates (difference) 106
Digestibility (%)
 Protein 85.1±0.6
 Fat 97.8±0.6
 starch 98.2±0.3
Note: Digestibility data are presented as mean ± sD.
chemical analyses
Samples of Antarctic krill meal and feces were analyzed 
for dry matter (heating at l05°C for 16–18 hours), ash 
(combustion at 550°C to constant weight), crude protein as 
nitrogen × 6.25 (by the semi-micro-Kjeldahl method; Kjeltec 
Auto System, Tecator, Sweden), lipid (diethylether extraction 
in a Fosstec analyzer [Tecator] after HCl hydrolysis), starch 
(measured as glucose after hydrolysis by α-amylase [Novo 
Nordisk A/S, Bagsvaerd, Denmark]), and amylo-glucosidase 
(Boehringer Mannheim GmbH, Mannheim, Germany), fol-
lowed by glucose determination by the “Glut-DH method” 
(Merck, Darmstadt, Germany). Amino acid analyses of the 
Antarctic krill meals were performed according to Commis-
sion Directive 98/64/EC.39
Digestibility calculation
The apparent digestibility values for protein, fat, and starch 
were calculated from the four animals fed with Antarctic krill 
meal. The intakes of crude protein, lipid, and starch were cal-
culated based on the chemical analyses of the Antarctic krill 
meal (Table 1) and other standard ingredients. The apparent 
digestibility was calculated using the following formula:
Apparent digestibility (%) 
   =  [(nutrient consumed -  nutrient excreted in feces) 
/(nutrient consumed)] × 100.
statistical analysis
Differences in the initial and final BWs were examined 
using Student’s t-test and were considered significant for 
P,0.05.
experiment 2: reproduction
Feed composition
In the reproduction experiment, Antarctic krill meal inclusion 
was tested at four levels, including a control diet containing 
no Antarctic krill meal. The diets were formulated to have 
an ME content of 5.0 MJ/kg on a wet weight basis, and the 
proportions of ME from proteins, lipids, and carbohydrates 
were 40%, 45%, and 15%, respectively. The diets were 
formulated with Antarctic krill levels corresponding to 
contributions in dry matter of 0%, 9%, 17%, and 35% (diets 
named K0, K9, K17, and K35, respectively), and with total 
protein of 0%, 14%, 27%, and 57%. The Antarctic krill 
meal protein replaced the fishmeal protein. New batches 
of the diets were produced once weekly. Feed for the first 
3 days was kept chilled at 4°C until feeding, while the feed 
for the last 4 days was stored frozen (-20°C) at the time of 
production and thawed the day before use. The animals were 
from 1 (loose, poorest) to 5 (firm, best). Feces were stored 
frozen pending chemical analyses. Prior to the analysis, the 
feces were freeze-dried, weighed, homogenized, and sieved 
to remove hair.
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kept in semi-outdoor houses with natural daylight, fed once 
daily, and given drinking water by a semiautomatic system 
(nipples). Feed was provided on netting suspended from the 
top wire of the cage, and when the kits started to eat at three 
weeks of age, also on netting suspended from the top wire of 
the nest box. Feed was moderately restricted before mating 
and during gestation. After birth, feeding was not restricted, 
but individual feed allowance was adjusted according to 
the number of kits. Feed intake and ME consumption were 
recorded on a group basis.
Animals and housing
Standard female mink (black genotype, BWs 955–1340 g) 
were allocated to four groups of 16 animals each and placed 
on diets K0, K9, K17, or K35. The 117-day experimental 
period consisted of a premating period from February 17 
until mating started on March 7 and a gestation period of 
approximately 50 days, followed by parturition, lactation, 
and early kit growth (lasting 49 days after birth). All females 
were mated twice. The first mating took place in the second 
week of March, and the second 7–9 days later. Females were 
not checked for successful copulation. Each female was 
kept in a breeding cage equipped with a nest box. The size 
of each cage was 0.45 m (height) × 0.27 m2 (floor area). The 
cages were arranged in two rows, and females belonging to 
the same group were placed in cages side by side, eight in 
each row with an empty cage between different groups. BWs 
of females and kits, as well as the litter size, were recorded 
regularly. Females that exhibited poor growth, appetite, or 
body condition prior to mating (as evaluated by a skilled 
technician) were replaced by reserve females maintained 
on the same diet. No replacements were made after  mating. 
Maternal animals were removed from the study if they were 
barren or were found to have produced only stillborn kits. 
After weaning, some of the kits were either placed in the same 
experimental groups as their mothers for use in a subsequent 
study or were taken out of the experiment and given a com-
mercial feed until pelting.
sampling
The kits were weaned at 49 days of age. After weaning, the 
mothers were euthanized, necropsied, and sampled for addi-
tional analyses. Maternal animals were rendered unconscious 
by electric shock using a Euthantos 2 (Lima A/S, Sandnes, 
Norway) designed for this purpose. Animals were then imme-
diately euthanized by cervical dislocation. Blood samples 
were taken after euthanasia by cardiac puncture. The  animals 
were dissected, and the organs examined grossly, and weighed. 
Tissue samples for histology were taken from the stomach, 
kidney, spleen, adrenal glands, and heart of K0 and K35 
 animals, and from the liver, jejunum, colon, and rectum of all 
animals, fixed in neutral buffered formalin (4% formaldehyde; 
pH 7.4), and processed using routine methods (NMBU School 
of Veterinary Medicine). Tissue sections were stained with 
hematoxylin and eosin and evaluated blindly under a light 
microscope in randomized order.
chemical, blood, and microbiological analyses
Methods used for chemical analyses were identical to those 
used in the digestibility experiment. In addition, Antarctic 
krill meal, Norse-LT 94 fishmeal, and the diets were analyzed 
for copper, arsenic, calcium, and fluoride. The latter analyses 
were conducted at Eurofins’ laboratory, Kambo, Norway, 
using standard procedures at this laboratory.40,41 Blood and 
plasma samples were analyzed at the Central Laboratory 
of the NMBU School of Veterinary Medicine for complete 
blood cell counts and plasma biochemistry profiles employing 
certified assays. Standard methods were used to measure the 
hygiene quality and pH of the diets, and a modified Conway 
method was used to determine total volatile nitrogen (TVN) 
at the laboratory of the Norwegian Fur Breeders’ Association, 
Oslo, Norway.42 The hygiene quality parameters used were 
total bacterial, fecal coliform, and fungal counts.
statistics
The means and SDs were calculated for all quantitative 
data. Data within groups were evaluated for homogeneity of 
variance and normality by Bartlett’s test. Where Bartlett’s 
test indicated homogeneous variances, treated and control 
groups were compared using a one-way analysis of variance 
(ANOVA). When the ANOVA was significant, a Tukey’s 
test for multiple comparisons was performed to compare the 
results of all groups. When the variances were significantly 
different by Bartlett’s test, groups were compared using 
a nonparametric method (Kruskal–Wallis nonparametric 
ANOVA). When the nonparametric ANOVA was significant, 
all groups were compared using Dunn’s test (Prism 5.02; 
GraphPad Software, San Diego, CA, USA). The critical value 
for significance of all comparisons was P,0.05.
Results
experiment 1: digestibility
The compositional data for the Antarctic krill meal, 
Norse-LT 94 fishmeal, and the diet used in the digestibility 
 experiment are given in Tables 1 and 2, respectively. There 
was high similarity in the chemical composition and amino 
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Table 3 composition of diets used in the reproduction trial 
(experiment 2)
Ingredients (g/kg) K0 K9 K17 K35
Antarctic krill meal – 35.5 69.5 136
Fishmeal (LT-fishmeal) 156 120.5 83 13
Precooked carbohydrates 142 142 140 132
cod scraps 142 142 139 131
Poultry by-products 142 142 139 131
lard (pig fat) 14.2 14.2 14.0 13.0
soybean oil 14.2 14.2 14.0 13.0
Vitamin/mineral mixturea 2 2 2 2
Water 388 388 400 430
sum 1,000 1,000 1,000 1,000
Notes: acontent per kg: vitamin A, 2,000,000 iU; vitamin D3, 200,000 iU; vitamin e, 
50,000 mg; vitamin B1, 15,000 mg; vitamin B2, 3,000 mg; vitamin B6, 3,000 mg; 
vitamin B12, 19.5 mg; ca (-D-pantothenic acid), 3,332 mg; niacin, 5,005 mg; biotin, 
30 mg; folic acid, 301 mg; ferrous sulfate, 610 mg; ferrous fumarate, 15,280 mg; 
Fe-chelated, 4,110 mg; copper sulfate, 1,250 mg; manganese oxide, 7,502 mg; zinc 
oxide, 9,998 mg; ca iodinate, 63.5 mg; na selenite, 99.9 mg; cobalt carbonate, 60 mg.
Abbreviation: lT, low temperature dried.
acid  composition between the Antarctic krill meal and the 
Norse-LT 94 fishmeal (Table 1). Dry matter in the krill meal 
diet was approximately 36%, while crude protein and fat 
were 12% and 11%, respectively (Table 2). The carbohy-
drate component accounted for approximately 11% of the 
diet. Mink fed with the Antarctic krill diets consumed close 
to 100% of the feed offered, showing good palatability of 
the diets. BWs were slightly but not significantly reduced 
for all four animals during the 7-day experimental period 
(2,339±247 g prior to feeding vs 2,218±254 g after feeding, 
P.0.05), showing that the dietary restriction to 136g feed 
per day did not completely cover the ME requirement. There 
was no sign of diarrhea, and mean fecal consistency scores 
during the 4-day collection were within normal limits (data 
not shown). Average protein, lipid, and starch digestibility 
of the Antarctic krill meal were 85.1%, 97.8%, and 98.2%, 
respectively (Table 2).
experiment 2: reproduction
Diet characteristics
Compositions of the four test diets (krill meal at 0%, 9%, 
17%, and 35% of dry matter) are provided in Table 3. In the 
presentation of results, they are labeled according to the krill 
meal’s contribution to dry matter as follows: K0, K9, K17, 
and K35. Proximate analysis of the samples showed that 
nutrient and calculated ME requirement content were quite 
similar for the four diets (Table 4). During the experiment, it 
became clear that the consistency of the K35 diet was poorer 
than that of the others. It tended to dry out more quickly and 
crumble, increasing the feed spillage from the cage top net 
wire more than other dose levels. Increasing the water content 
Table 4 chemical content, energy, TVn, and ph of diets in the 
reproduction trial (experiment 2)
Parameter K0 K9 K17 K35
g/kg diet
 DM 380 379 372 350
 Ash 42 40 39 34
 crude protein 168 168 166 154
 crude fat 67 70 70 65
  carbohydrates 103 101 98 97
g/kg DM
 Ash 111 106 105 97
 crude protein 442 443 446 440
 crude fat 176 185 188 185
  carbohydrates 271 266 261 278
ph 6.47 6.75 6.79 7.30
TVn (%) 1.0 0.9 0.6 0.5
energy estimates
 Mea MJ/kg 6.17 6.24 6.19 5.80
 MJ Me/kg DM 16.24 16.46 16.64 16.57
  Me proportion from  
protein/fat/ 
carbohydrates (%)
42/39/19 41/40/19 41/41/18 41/39/20
Notes: results are mean values for three samples. carbohydrate was determined 
by difference calculation (carbohydrates = dry matter – (protein + fat +ash)). 
aMe content was determined by use of standard digestibility factors given by the 
norwegian Fur Breeders’ Association of 82%, 90%, and 68% for protein, fat, and 
carbohydrates, respectively, and Me content of 18.8 kJ/g, 39.8 kJ/g, and 17.6 kJ/g 
digestible protein, fat, and carbohydrates, respectively. Data from hansen et al.57
Abbreviations: TVn, total volatile nitrogen; DM, dry matter; Me, metabolizable 
energy; MJ, megajoules.
in the diet reduced the problem. Total volatile nitrogen (TVN) 
was low for all diets and decreased with increasing inclusion 
of Antarctic krill meal, indicating that TVN was lower in the 
Antarctic krill meal than in the fishmeal (Table 4). The pH 
of the diets tended to increase with increasing content of 
Antarctic krill meal (Table 4). The reason for this is not clear, 
but the increase in pH was not considered of importance and 
did not affect palatability of the diets.
Dietary concentrations of copper, fluoride, arsenic, and 
calcium are presented in Table 5. Concentrations of copper 
and fluoride were higher in the Antarctic krill meal than in 
the fishmeal, while the opposite was observed for arsenic. For 
calcium, the level was similar in Antarctic krill meal and the 
fishmeal. In the diets, the element levels reflected to a large 
extent the inclusion level of Antarctic krill meal and fishmeal 
(Table 5). Diet K35 had three times the copper level and four 
times the fluoride level compared to K0. It should be noted 
that 2.5 mg/kg CuSO
2
 was added to all diets (as a component 
of the mineral supplement). Thus, a much larger proportion of 
copper originated from the supplement in the K0 diet than in 
the K35 diet. Arsenic content, which was lower in Antarctic 
krill meal than in fishmeal, was approximately three times 
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(490 g) was considerably lower than its weight at postpartum 
day 21 (1160 g), suggesting that the animal may have died 
due to lack of sufficient feed intake to maintain health while 
nursing its litter of five.
Krill inclusion level did not affect litter size significantly 
(Table 7). A total of 302 kits were born in 55 litters. A single-
ton kit from a female in the K9 group was stillborn. No other 
kits were stillborn. One female each from the K9 and K35 
groups delivered live singleton litters, which survived to 
day 7 only. Kits that survived to day 7 generally survived to 
study termination, regardless of the treatment. The overall 
survival rate to weaning was 92.7%, and ranged from 88.6% 
in the K17 group to 95.7% in the K0 group. The average 
BW of the females showed only minor differences among 
treatments (Table 8). BWs of the kits in the K35 group were 
significantly lower than those of the K0 group at 49 days 
post-partum (Table 8). As the litter size usually correlates 
negatively with weights of the kits, it should be noted that 
the highest initial mean litter size and lowest BW at weaning 
were observed for the K35 treatment.
Maternal effects
In maternal animals, relative organ weights for stomach, 
intestine, liver, and spleen showed significant relationships 
with dietary krill meal levels (Table 9). Relative stomach, 
intestine, and spleen weights were similar among K0, K9, 
and K17 groups but higher in the K35 group (P,0.05). The 
relative liver weights were not dose-dependent; only the 
weights for the K17 and K35 groups were significantly dif-
ferent from each other (P,0.05).
Hematological evaluations were unremarkable, with the 
exception of an increased platelet count in the K35 group 
compared to the K0 group (P,0.05) (Table 10). Although 
there was a tendency toward decreased red blood cell 
count (RBC) and hemoglobin (HGB) concentration and an 
Table 5 Mineral content of Antarctic krill meal, fishmeal, and 
experimental diets (experiment 2)
Mineral Antarctic  
krill meal
Fishmeal K0 K9 K17 K35
mg/kg diet
 copper 56 3.3 3.7 5.3 6.9 10.1
 Fluoride 1,840 112 44 91 115 200
 Arsenic 2.5 5.7 2.5 2.0 1.7 0.7
 calcium 25,000 26,000 10,750 10,150 10,590 8,070
mg/kg DM
 copper 61 3.6 10.0 14.6 19.8 30.2
 Fluoride 2,004 122 119 251 328 594
 Arsenic 2.7 6.2 6.8 5.6 4.8 2.2
 calcium 27,230 28,410 29,170 28,130 30,210 23,960
Abbreviation: DM, dry matter.
Table 6 Average feed consumption during the experimental 
period (experiment 2)
Feed consumptiona K0 K9 K17 K35
g/mated female/day 235 233 233 237
MJ/mated female/day 1.45 1.45 1.44 1.37
g/born litter/day 298 233 266 292
MJ/born litter/day 1.83 1.45 1.65 1.69
Note: aAs feed intake was recorded for each treatment as a whole and the animals 
ate the feed that was given, no statistical parameters were calculated.
Abbreviation: MJ, megajoules
Table 7 reproductive success, litter size, and kit survival of mink 
fed the experimental diets (experiment 2)
K0 K9 K17 K35
Females mated, number 16 16 16 16
litters born, number 12 16a 14 13
litter size (mean ± sD)
 2 days post-parturition 5.8±1.4 5.3±1.9 5.0±1.9 6.3±2.3
 7 days post-parturition 5.6±1.6 5.0±2.2 4.4±1.9 5.8±2.8
 21 days post-parturition 5.6±1.6 5.0±2.2 4.4±1.9 5.5±2.8
  49 days post-parturition  
(weaning)
5.5±1.5 4.9±2.1 4.3±1.8 5.1±2.8
  survival until weaning (%) 95.7 93.8 88.6 92.7
Note: aOne litter with one kit was stillborn.
Abbreviation: sD, standard deviation.
higher in the K0 diet than in the K35 diet. Calcium in the K35 
diet was approximately 18% lower than in the K0 diet, which 
corresponds to the lower ash content (Table 5). Palatability 
was satisfactory and feed consumption was normal for all 
the diets. Average feed consumption per mated female with 
kits, determined as grams per day or on energy (ME) basis, 
was similar among groups (Table 6). Fecal consistency was 
similar and good for all animals.
reproduction and growth responses
All females were mated twice as planned. Four animals in 
the K0 group, two in the K17 group, and three in the K35 
group did not produce offspring (Table 7). The overall per-
centage of barren females for the study (9/64 or 14%) was 
slightly higher than usual (10%–11%).43 The relatively high 
percentage of barren females in the control group (25%) was 
due to the mating of two of the females with the same male 
which was likely sterile because none of his matings (includ-
ing another in the K17 group) produced offspring. Shortly 
after the beginning of the experiment, one female in the K35 
group died. Necropsy revealed hemorrhagic ulceration of 
the gastric tissue. The animal was replaced. One animal in the 
K17 group died of an undetermined cause shortly before the 
scheduled termination. The last recorded BW of the animal 
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Table 8 Body weights of females and kits from the start of reproduction trial until weaning (experiment 2)
Body weight (g) Diet P-value
K0 K9 K17 K35
Females
 BW February 17 1,156±106 1,151±110 1,130±85 1,033±413 0.511
 BW March 4 1,098±121 1,030±111 1,000±84 1,106±112 0.052
 BW 21 days post-parturition 1,261±163 1,309±163 1,282±125 1,234±184 0.675
 BW 49 days post-parturition 1,114±135 1,099±173 1,131±161 1,046±153 0.554
Kits
 BW 21 days post-parturition 157±13a,b 158±17a,b 163±25a 141±19b 0.032
 BW 49d post-parturition 505±61a 476±65a,b 535±78a 407±79b 0.0005
Notes: Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance. Values with different superscripts are significantly different from 
each other (P,0.05).
Abbreviation: BW, body weight.
Table 9 relative organ to body weights (g/100 g BW) of females after weaning of kits (experiment 2)
Organ Diet P-value
K0 K9 K17 K35
stomach 0.64±0.11a 0.62±0.07a 0.62±0.12a 0.84±0.14b ,0.0001
intestine* 3.01±0.67a 2.86±0.60a 2.88±0.68a 3.86±0.84b 0.001
rectum 0.27±0.05 0.27±0.05 0.27±0.06 0.32±0.06 0.066
liver 2.95±0.62a,b 2.64±0.47a,b 2.33±0.87a 3.06±0.43b 0.020
Kidney**,*** 0.62±0.10 0.61±0.05 0.59±0.10 0.67±0.12 0.299
spleen*** 0.26±0.09a 0.23±0.09a 0.89±2.40a 0.38±0.11b 0.004
heart 0.76±0.12 0.80±0.14 0.72±0.07 0.76±0.16 0.387
Brain 0.73±0.07 0.77±0.11 0.75±0.11 0.82±0.11 0.136
Adrenals 0.010±0.000 0.009±0.004 0.009±0.003 0.010±0.000 0.371
gonads 0.030±0.007 0.030±0.009 0.028±0.007 0.031±0.009 0.907
Notes: Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance unless stated otherwise. Values with different superscripts are 
significantly different from each other (P,0.05). *includes duodenum, jejunum, ileum, and colon; **includes both kidneys; ***data were analyzed using a Kruskal–Wallis test 
(P,0.05).
increased red blood cell distribution width (RDW) in the K35 
group compared to the K0 group, the values did not reach 
statistical significance (P.0.05). The mean white blood 
cell count (WBC) was higher in K35 animals compared to 
K0 animals; however, the values did not reach statistical 
significance (P=0.0702) (Table 11). The difference in total 
WBC counts was largely attributable to increased neutrophil 
numbers (Table 11). Monocytes were significantly increased 
in the K35 group compared to the K0 group (P,0.05), but 
they constituted a much smaller percentage of the total WBC 
count (Table 11). The increases in WBC counts in the K35 
group were largely attributed to three animals that exhibited 
markedly increased total WBC (20.2–20.5×109/L), neutrophil 
(14.6–17.9×109/L), and monocyte counts (0.8–1.0×109/L).
A few significant relationships were found for the blood 
biochemistry variables and the dietary krill meal level 
(Table 12). The liver enzymes (aspartate transaminase and 
alanine transaminase) and creatine kinase showed large indi-
vidual variation, most notably in the K35 group, in which 
several high values were observed. No significant differences 
were detected between groups for these parameters. A signifi-
cant increase in amylase occurred in the K35 group compared 
to the K0 group (P,0.05). The total plasma protein was not 
significantly related to dietary krill meal level, but albumin 
was lower in the K35 group (P,0.05). Consequently, globulin 
(a calculated value) was higher in this group (P,0.05). It 
should be noted, however, that the analyses were performed 
on blood plasma, and therefore the “globulin” value represents 
not only globulins but clotting factors as well. Free fatty acids 
tended to be higher in all krill meal groups compared to the 
K0 group, but did not increase in a dose-dependent manner.
Generally, the gross anatomical appearance of the 
organs and histomorphology of tissues were normal. The 
pathological changes that were observed were generally 
unrelated to the dietary krill level, with the exception of 
increased numbers of animals with intestinal redness in 
all krill meal groups (Table 13). Focal leukocyte infiltra-
tion was commonly observed within the glandular region 
of stomach samples, with no difference in prevalence of 
these types of lesions between the K0 and K35 groups. 
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Table 11 WBc (×109/l) of females after weaning of kits in the reproduction trial (experiment 2)
Parameter Diet P-value
K0 K9 K17 K35
Total WBc 4.40±2.30 5.89±3.92 5.15±2.93 10.95±6.98 0.070
neutrophils 2.90±1.39 4.03±3.49 3.34±1.90 8.13±5.92 0.150
lymphocytes 1.04±0.91 1.38±1.08 1.32±1.22 2.04±1.88 0.326
Monocytes 0.25±0.10a 0.38±0.25a,b 0.34±0.20a,b 0.58±0.31b 0.027
eosinophils 0.15±0.13 0.11±0.06 0.10±0.06 0.11±0.05 0.638
Basophils 0.02±0.04 0.03±0.05 0.08±0.10 0.09±0.11 0.127
Notes: Values are presented as mean ± standard deviation. All data were analyzed using a Kruskal–Wallis test except data for lymphocytes, which were analyzed by AnOVA. 
Values with different superscripts are significantly different from each other (P,0.05).
Abbreviations: WBc, white blood cell count; AnOVA, analysis of variance. 
Table 10 red blood cell variables of females after weaning in the reproduction trial (experiment 2)
Parameter Diet P-value
K0 K9 K17 K35
rBc (×1012/l) 9.37±0.88 9.88±1.04 9.59±1.02 8.78±1.08 0.061
hgB (g/l) 182±17 186±18 179±27 167±24 0.183
hcT (l/l) 0.59±0.06 0.61±0.06 0.59±0.08 0.56±0.08 0.328
McV (fl) 63.1±2.6 62.1±2.7 61.6±4.7 64±3.6 0.380
Mchc (g/l) 309±14 304±9 302±13 298±8 0.120
rDW (%) 13.0±0.5 12.9±0.7 14.0±2.5 14.1±1.8 0.086
PlT (×109/l) 656±103a 720±150a,b 704±190a,b 862±232b 0.046
Notes: Values are presented as mean ± standard deviation. Data were analyzed using analysis of variance. Values with different superscripts (letters) are significantly different 
from each other.
Abbreviations: hcT, hematocrit; hgB, hemoglobin; Mchc, mean cell hemoglobin concentration; McV, mean cell volume; PlT, platelet count; rBc, red blood cells; 
rDW, red blood cell distribution width.
Polymorphonuclear leukocyte infiltration of the lamina 
propria and epithelium of the rectum was observed in 
four individuals from the K35 group (Figure 1), three of 
which also exhibited areas of apparent hyperemia in the 
rectal epithelium. Two of these individuals also displayed 
elevated blood WBC counts (11.6–20.3×109/L) compared 
to normal (8.0×109/L, as determined by Mustonen44). The 
histomorphological appearance of sections of rectum from 
animals in the K9 and K17 groups was normal. The histol-
ogy of the jejunum or colon was not affected by inclusion 
of krill meal.
The histological examination revealed a significantly 
smaller size of glycogen vacuoles in the livers of the K35 
group animals compared to K0 group of animals (Figure 2). 
Single focal leukocyte aggregations were observed in the 
livers of K0 (2/12), K9 (4/16), K17 (1/13), and K35 (0/13) 
animals. A few more animals in the K17 and K35 groups 
exhibited small, multifocal (#5) inflammatory foci in the 
liver compared to the K0 and K9 groups, namely K0 (0/12), 
K9 (1/16), K17 (3/13), and K35 (4/13). An example of a 
single focal aggregation from an animal in the K0 group 
and a multifocal leukocyte aggregation from an animal in 
the K35 group is shown in Figure 3. Most kidney samples 
appeared histologically normal. Abnormalities were noted in 
3/12 samples from the K0 group, and 4/13 samples from the 
K35 group. Abnormalities in both groups included the pres-
ence of basophilic crystalline material within renal tubules, 
accompanied by tubular degeneration (Figure 4), which 
was sometimes (but not always) accompanied by signs of 
inflammation. One individual from the K35 group, in which a 
kidney stone was found on necropsy, had marked multifocal 
to diffuse inflammation, degenerative tubular epithelium, and 
a dilated renal pelvis.
Overall, spleen samples appeared normal, with the excep-
tion of pigment deposition in a greater number of animals 
in the K35 group than the K0 group (5 vs 1). A few animals 
from both groups had active lymphoid follicles, which did 
not correlate with peripheral blood lymphocyte counts. 
Several samples from both the K0 and K35 groups (9/12 
samples in the K0 group and 7/13 samples in the K35 group) 
showed areas of cellular vacuolar degeneration, which was 
sometimes, but not always, accompanied by signs of necrosis 
and mild inflammation in the adrenal cortex. Heart tissue 
appeared normal in both the K0 and K35 groups.
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Table 12 Blood biochemistry profile of females after weaning of kits in the reproduction trial (Experiment 2)
Parameter Diet P-value
K0 K9 K17 K35
AsT (U/l)* 164±74 184±108 179±120 639±1,354 0.997
AlT (U/l)* 149±49 222±142 149±57 543±1,394 0.366
AP (U/l) 105±22 107±29 130±40 111±23 0.134
cK (U/l)* 926±670 587±422 1,121±1,334 1,664±2,600 0.290
Amylase (U/l) 106±13a 112±26a 111±26a 141±33b 0.004
lipase (U/l) 34.0±3.4 34.3±5.8 34.4±4.2 38.3±5.6 0.093
Total protein (g/l) 71.2±4.8 73.7±5.6 72.7±5.5 73.8±7.7 0.673
Albumin (g/l) 40.4±3.8a 40.3±3.2a 39.8±3.8a 34.8±6.1b 0.004
globulin (g/l)* 30.8±3.0a 33.4±4.8a,b 32.8±4.7a,b 39.0±8.0b 0.020
Urea (mmol/l)* 10.0±1.6 8.4±2.6 10.6±6.5 11.0±3.3 0.088
creatinine (μmol/l)* 94.8±17.4 77.2±11.8 79.2±14.1 75.5±6.6 0.011
Bile acids (μmol/l)* 5.75±2.99 5.14±4.22 5.85±2.97 8.38±9.20 0.634
Total bilirubin (μmol/l) 0.50±0.52 0.64±0.63 0.54±0.88 0.38±0.51 0.784
 cholesterol (mmol/l) 9.78±1.23 8.93±1.24 8.71±1.07 8.59±2.13 0.199
 Triglycerides (mmol/l) 1.53±0.39 1.27±0.34 1.55±0.35 1.52±0.40 0.179
Free fatty acids (mmol/l)* 0.18±0.06a 0.29±0.10b 0.34±0.16b 0.26±0.13a,b 0.006
 glucose (mmol/l)* 8.65±3.28 7.74±2.26 7.25±1.78 8.30±4.82 0.772
 inorganic P (mmol/l) 2.15±0.50 2.18±0.49 2.34±0.51 2.18±0.54 0.781
 ca (mmol/l) 2.60±0.21 2.61±0.12 2.62±0.12 2.67±0.21 0.816
 na (mmol/l) 159±5 157±5 155±5 156±4 0.165
 K (mmol/l) 7.66±1.45 7.31±1.39 7.40±1.60 7.29±1.39 0.923
 cl (mmol/l) 117±3 117±3 115±4 117±2 0.371
Notes: Values are presented as mean ± standard deviation. *Data were analyzed using a Kruskal–Wallis test. All other data were analyzed by AnOVA. Values with different 
superscripts (letters) are significantly different from each other (P,0.05).
Abbreviations: AlT, alanine aminotransferase; AP, alkaline phosphatase; AsT, aspartate aminotransferase; ca, calcium; cK, creatine kinase; cl, chlorine; K, potassium; 
na, sodium; P, phosphorus.
Table 13 summary of lesions observed during necropsy of 
females at weaning of kits (49 days post-parturition)
Finding Diet
K0 K9 K17 K35
intestinal/rectal redness 0 3 3 8
spleen pigmentation 0 1 3 4
splenomegaly 0 0 1 0
rectal mass 0 0 1 0
enlarged lymph nodes 0 0 1 1
Kidney fibrosis 1 1 0 0
Kidney nodule 0 1 0 0
Kidney/bladder stones 0 0 0 1
Unilateral renal atrophy 0 0 0 1
Ovarian cysts 1 1 0 0
Ovarian blood clot 0 0 0 1
ectopic pregnancy 0 0 0 1
Joint/bone deformities 1 1 0 1
Discussion
There is a need for new, healthy sources of protein for 
 animals. Current sources of protein for pet food include 
those based on corn-gluten and soy, fish, chicken, lamb, 
and beef. On a BW basis, krill has the greatest amount of 
protein among all species, with over 60% of dry matter 
comprising protein.45 Meal derived from krill is therefore 
high in protein and is also rich in ω-3 fatty acids, which have 
been shown to have beneficial effects on fetal development 
and health of animals, including dogs.4–13 Although plant 
sources of protein are regularly analyzed for herbicides and 
pesticides, it is possible that they contain pesticides or herbi-
cides that escape detection. Animal sources of protein may 
contain antibiotics or additional contaminants originating 
from the feed. Fish protein may contain higher than permis-
sible levels of heavy metals or hydrocarbons, as certain fish 
may bioaccumulate these substances. As Antarctic krill are 
harvested from a pristine environment and are at the base 
of the food chain, it is likely that they contain lower levels 
of environmental contaminants than other protein sources. 
As shown in this study, arsenic content of krill meal is 56% 
lower than fishmeal.
Mink is considered a good model for the evaluation of the 
nutritional aspects of feed ingredients for other mammals, 
including dogs, cats, and foxes.33,35,37,46 Fluorine, iodine, lead, 
mercury, coumarin, sodium monofluoroacetate, diethylstilbe-
strol (DES), dioxin, aflatoxin, zearalenone, and nitrosamines 
all cause their principal toxicity in the same target organs 
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Figure 2 examples of tissue histology of liver from maternal animals in the (A) K0, (B) K9, (C) K17, and (D) K35 diet groups. individuals from the K0 diet group had higher 
hepatocyte glycogen compared to individuals from the K35 group.
Figure 1 example of rectum histology of a maternal animal from the K35 group. (A) Mild increase in blood flow to the epithelium, dilated blood vessel (arrow). (B) Marked 
increase in polymorphonuclear cells (arrowheads) within the lamina propria.
in mink as in other commonly encountered species.46 The 
current study using mink as a model animal for evaluation 
of Antarctic krill meal as a potentially new marine protein 
source for pet food focused on digestibility, reproductive 
performance, and health aspects of including the product at 
levels  corresponding to 0%, 9%, 17%, and 35% of dietary 
dry matter. The nutrient and amino acid composition of 
Antarctic krill meal was very similar to high-quality Norse-
LT 94 fishmeal. The protein digestibility of the Antarctic 
krill meal (85.0%) was similar to that of low-temperature 
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Figure 3 example of a single focal leukocyte aggregation from an animal in K0 (A) and a multifocal leukocyte aggregation from an animal in K35 (B). in panel B apoptotic/
necrotic cells (arrowhead) are visible as well as polymorphonuclear cells (arrow).
Figure 4 example of crystalline material observed in the kidney of maternal animals from the K35 group. (A) Two crystalline deposits (arrows) adjacent to proximal 
convoluted tubules. (B) A single crystalline deposit (arrow) adjacent to a degenerated loop of henle tubule (arrowhead).
fishmeal (87.0%), and the estimated digestibility of the lipid 
fraction of the Antarctic krill meal diet was higher than that 
of soybean, assuming on the basis of previous experiments, 
a digestibility of 96.0% for soybean oil.38 This difference 
was most likely due to the higher degree of unsaturation 
of the fatty acids of the krill lipids. The results suggest that 
in mink, Antarctic krill meal is a highly digestible source 
of protein and lipid, comparable to fishmeal and superior 
to soybean.
In the reproduction experiment, there were no test 
material-related effects on maternal feed consumption, BW, 
survival, or reproductive performance. The rates of stillborn 
kits (1/302), singleton births (3/302), and survival to day 
7 were within previously reported ranges.47,48 Kit survival 
until weaning, ranging from 88.6% in the K17 group to 
95.7% in the K0 group, was also within the normal range.49 
The highest initial litter size and the lowest average kit BW 
occurred in the K35 group. The low kit BW may be related 
to the well-known negative relationship between the litter 
size and weight of kits. However, the magnitude of the BW 
difference between kits in the K35 and K0 group at 49 days 
was significant (approximately 18%). Kits start to eat solid 
feed at approximately 21 days of age, so after that time the 
growth rate is dependent on sufficient feed intake. The lower 
growth rate in the K35 group, especially between 21 days 
and weaning at 49 days, suggests that feed utilization was 
poorer with the K35 diet. A contributing factor could be the 
more frequent unrecorded feed spillage with this feed (which 
tended to be dry and crumbly), since feed consumptions were 
fairly similar for all groups.
In general, maternal animals tolerated all three inclusion 
levels of krill; however, some changes were observed in the 
K35 group compared to controls. Weights of the stomach 
and intestine were increased in the K35 group, an effect 
possibly related to the increased content of chitin in the 
K35 diet.  Chitin, like other fibers, is expected to induce a 
physiologically normal adaptation with growth of gut tissue 
when included at high levels. Overall, the results indicate 
that some reduced or increased component(s) in the K35 diet 
stimulated the immune system of the animals, as indicated by 
the effects on WBC, platelet counts, and spleen weight. It is 
also possible that the effect on spleen weight was secondary 
to increased turnover of RBCs.50 Although a statistically sig-
nificant decrease in RBCs was not observed in K35 animals, 
K35 individuals with lower than average RBC counts tended 
to have larger than average spleen weights. The reason for the 
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increased platelet count in K35 animals is unclear; however, 
animals with higher than average platelet counts tended to 
have lower than average RBC counts. The high average WBC 
count of K35 group mink was related to very high levels of 
neutrophils in a few animals, as reflected in the relatively 
high SD for this treatment. These results indicate that the 
highest krill level in the diet stimulated WBC proliferation 
in some but not all animals.
The anatomical and histological examinations did not 
reveal effects of krill inclusion in most tissues, with the 
exception of changes in the liver and gastrointestinal tract 
of the K35 group. The intestinal redness and rectal inflam-
mation observed in some animals in the K35 group may be 
due to irritation from small shell fragments in the krill meal. 
It is also possible that some of the redness is due to staining 
by astaxanthin, a red-colored pigment present in krill. The 
lower glycogen level observed in the K35 compared to the 
K0 treatment did not have a histopathological correlate, and 
may indicate lower energy intake or assimilation, increased 
glycogenolysis, or a combination thereof. The fact that serum 
amylase was increased in the K35 group suggests that glycog-
enolysis was stimulated by inclusion of krill meal at the 35% 
level. The reason for the slight but statistically significant 
decrease in serum albumin in K35 animals is unclear, but it 
is likely not due to the slightly lower level of crude protein 
in the K35 diet compared to the K0 diet. The reason for the 
increased free fatty acids in plasma of mink fed with the K9, 
K17, or K35 diets is also unclear, but it may be a coincidence 
since the free fatty acids did not increase with the krill meal 
inclusion level.
It is altogether possible that the changes observed in the 
K35 animals were due to the differences in mineral content 
between the K35 and K0 diets. Although the amount of 
calcium in the K35 diet was lower than in the K0 diet, it 
was still higher than the amount of calcium typically pres-
ent in mink feed (7,500 mg/kg, as fed).51 Therefore, the 
effects noted in the K35 group were not likely to be due to 
calcium deficiency. As the levels of copper in the K35 diet 
were higher than the maximum levels allowed under EU 
regulations and the fluorine levels were also rather high, 
the alterations seen in the K35 group may be due to either 
or both of these  substances. The concentration of copper 
in the krill meal in the present study (61 mg/kg DM) was 
similar to the level found in previous krill meal studies.26,29 
For copper, the European legal maximum for complete feeds 
is 25 mg/kg.30 For the diets in our study, only the copper 
level of the diet with the highest krill meal  inclusion (K35, 
30.2 mg/kg) exceeded this level. Aulerich et al52 examined 
effects of long-term (up to 357 days) copper supplementation 
on the health and reproduction of mink. The total dietary 
copper levels applied in the experiment were 60 mg/kg, 
132 mg/kg, 202 mg/kg, 345 mg/kg, and 630 mg/kg DM; thus 
all levels were higher than the highest level applied in our 
study (30.2 mg/kg). Aulerich et al52 reported no toxicity or 
negative effects of any of the copper levels on mink, with the 
exception of a trend towards increased mortality of kits from 
birth to 4 weeks at dietary copper levels $202 mg/kg DM, 
and concluded that mink is among the species that are more 
tolerant to copper. Cats and dogs also tolerate relatively high 
copper levels in their feed.52 There are no reports of adverse 
effects of excess consumption of dietary copper in normal 
cats,53 and the maximum tolerable level of copper sulfate in 
dog food is 250 mg/kg feed,54 or 99.5 mg copper/kg feed, 
based on a molecular weight of copper sulfate of 159.6086 
and copper of 63.546.55 Therefore, the amount of copper in 
the krill meal is not likely to cause toxicity to dogs or cats, 
even though it is higher than the maximum level allowed 
under EU regulations.
The fluoride concentration in the krill meal was found 
to be 2,004 mg/kg DM, which is considerably higher than 
the 940 mg/kg DM value reported by Hansen et al.26 The 
reason for the difference is most likely natural variation. In 
Europe, the permissible levels of fluorine are 3000 mg/kg for 
feed materials from marine krill and 150 mg/kg for complete 
feeds containing 12% moisture.25 The latter is equivalent to 
170 mg fluorine/kg DM. The US FDA has not established a 
limit of fluorine in feed. The amount of fluoride in all krill 
meal diets applied in our study was higher than 170 mg/kg 
DM. Toxicity of fluoride in mink has been studied earlier by 
Aulerich et al56 in a dose–response experiment with the fol-
lowing levels: 0 mg/kg, 101 mg/kg, 184 mg/kg, 331 mg/kg, 
595 mg/kg, and 1,073 mg/kg DM. No significant effects 
on gestation, litter size, or lactation were seen. The high-
est level seemed to cause a slight reduction in the survival 
rate at 3 weeks. No such effect was observed in the present 
experiment in which the diet with the highest fluorine level 
(K35) contained about 600 mg fluoride/kg DM. Thus, while 
the fluoride content of the K35 diet was rather high, the find-
ings are not consistent with the findings of previous studies 
examining the toxicity of fluoride in mink. Therefore, the 
toxicological findings in the K35 group cannot be solely 
attributed to fluoride.
Conclusion
In conclusion, results of the experiments indicate that 
 Antarctic krill meal may replace high-quality fishmeal 
Open Access Animal Physiology 2015:7 submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
41
Antarctic krill meal in diets for reproducing mink
in diets for mink during the reproductive period at up to 
17% based on biological characteristics such as palatabil-
ity, feed intake, digestibility, reproduction, growth of the 
offspring during the lactation period, and maternal health 
parameters.  Accordingly, the non-observable adverse effect 
level (NOAEL) assigned to the study is 17% (based on dry 
matter). Inclusion of 35% Antarctic krill meal in diets of 
pregnant mink was associated with decreased glycogen 
content of the liver, decreased plasma albumin, increased 
weights of the stomach and intestine, intestinal and rectal 
redness, rectal inflammation, increased WBC and platelet 
counts, and decreased BW of kits at weaning.
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